Hepatocellular carcinoma is one of the most common tumors in the world 32 and has a high mortality rate. This study elucidates the mechanism of hepatocellular 33 carcinoma-(HCC) related development. The HCC gene expression profile 34 (GSE54238, GSE84004) was downloaded from Gene Expression Omnibus for 35 comprehensive analysis. A total of 359 genes were identified, of which 195 were 36 upregulated and 164 were downregulated. Analysis of the condensed results showed 37 that "extracellular allotrope" is a substantially enriched term. "Cell cycle", "metabolic 38 pathway" and "DNA replication" are three significantly enriched Kyoto Encyclopedia 39 of Genes and Genomespathways. Subsequently, a protein-protein interaction network 40 was constructed. The most important module in the protein-protein interaction 41 network was selected for path enrichment analysis. The results showed that CCNA2, 42 PLK1, CDC20, UBE2C and AURKA were identified as central genes, and the 43 expression of these five hub genes in liver cancer was significantly increased in The 44 Cancer Genome Atlas. Univariate regression analysis was also performed to show that 45 the overall survival and disease-free survival of patients in the high expression group 46 were longer than in the expression group. In addition, genes in important modules are 47 mainly involved in "cell cycle", "DNA replication" and "oocyte meiosis" signaling 48 pathways. Finally, through upstream miRNA analysis, mir-300 and mir-381-3p were 49 found to coregulate CCNA2,AURKA and UBE2C. These results provide a set of 50 targets that can help researchers to further elucidate the underlying mechanism of 51 liver cancer. 3 52 53 Key Words HCC;GEO;TCGA;DEGs;bioinformatic analysis; 54 55 1. Introduction 56 Liver cancer is one of the most common cancers in the world, and mainly 57 includes three different pathological types comprising hepatocellular carcinoma 58 (HCC), intrahepatic bile duct (ICC) and HCC-ICC hybrid types, among which HCC 59
144
Based on the information obtained on the miRNA-mRNA pairs in starBase 145 (version 2.0), the upstream mRNAs were respectively predicted. The shared upstream 146 miRNAs of the mRNAs were then identified according to their expression levels. The HCC expression microarray data sets GSE54238 and GSE84004 were 152 normalized. When the GSE54283 data set was screened by the limma package 153 (corrected P value <0.05, logFC > 2), 1690 DEGs were obtained. One thousand and 154 six DEGs were screened from the GSE84004 data set. An expression heat map (Fig. 1 ) 155 and a volcano plot of the identified DEGs were constructed. Further Venn analysis 156 showed that 359 DEGs were obtained in both data sets, including 195 upregulated and 157 164 downregulated genes (Fig. 2) . The top 10 most significantly up-or downregulated 158 differentially expressed genes are listed in (Table 1) . the DEGs were mainly enriched in 'arachidonic acid epoxygenase activity', 'retinol 186 dehydrogenase activity' and 'alcohol dehydrogenase activity, zinc-dependent' (Fig.   187 3).KEGG pathway analysis demonstrated that DEGs were significantly enriched in 188 'Cell cycle', 'Metabolic pathways', and 'DNA replication' (Fig. 4) . 
3.3PPI network construction and module analysis 198
Interactions between the identified DEGs were revealed by constructing a 199 PPI network ( Fig. 5 ). In total, there were 366 nodes and 1440 edges in the network.
200
According to degree levels, the top five hub nodes were cyclin A2 (CCNA2; degree, analysis of genes in selected modules (Table 2) . 
3.4Validation of target protein mRNA levels in HCC 220
Based on TCGA, it was identified that the RNA expression levels of 11 221 'CCNA2', 'PLK1', 'CDC20', 'UBE2C' and 'AURKA' were significantly increased in 222 HCC samples as compared to normal liver samples( Fig. 7) . We performed univariate Cox regression analysis. The results showed that 228 the five hub genes were significantly correlated with the overall survival(log-rank P 229 <.05) and disease free survival (logarithmic rank P <.05) of HCC patients (Fig. 8 ).
230
These findings suggest that these hub genes may be a useful candidate for survival 231 prediction in HCC patients. According to the information in starBase v2.0, the miRanda prediction 238 program was selected to search for miRNAs upstream of the five hub genes. By 239 comparing DEM targets, CCNA2 was found to be a potential target of 48 miRNAs,
240
AURKA was found to be a potential target of 31 miRNAs, UBE2C was found to be a 241 potential target of nine miRNAs, and PLK1 was found to be a potential target of three 242 miRNAs. CDC20 was not found to be a potential target of miRNA. Notably, upstream 243 miRNA analysis showed that mir-300 and mir-381-3p were common upstream In this study, we analyzed the GSE84004 and GSE54283 gene chips, In summary, this study identified candidate genes and pathways that may be 347 involved in HCC progression using a comprehensive analysis of two cohort data sets.
348
These results may facilitate a deeper understanding of the molecular mechanisms 349 underlying HCC and provide a range of potential biomarkers for future research.
350
These findings add important insights into the diagnosis and treatment of HCC.
351
However, the lack of experimental validation is a limitation of our research. 
